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ORIGIN AND TRANSPORT OF NUTRIENTS IN THE 
UPPER BIG SIOUX RIVER, SOUTH DAKCYrA 
Abstract 
Charles William Thompson 
The upper Big Sioux River Basin, in northeastern South Dakota, was. 
studied to determine the origin and transport of nutrients in the Big 
Sioux River. The area was divided into three segments. Two of the 
segments, the Big Sioux River and Willow Creek Basins, were primarily 
agricultural drainage areas, and one segment was the city of Watertown. 
Sampling stations were selected to facilitate the determination of 
nutrient inputs to the river from each of these segments and to determine 
the nutrient load in the river leaving the study area. Nutrients studied 
included total orthophosphate and the particulate and dissolved 
fractions of organic carbon, organic nitrogen, and total phosphate. 
The upper Big Sioux Basin (Segment 1) had a drainage area of 
1036 km2 • This segment contributed 882,300 kg, 73,600 kg, and 61,600 kg 
of the total organic carbon (TOC), total organic nitrogen (TON), and 
total phosphate (TP), respectively. This amounted to 852, 71, and 
60 kg/km2 per year of TOC, TON, and TP, respectively. 
The city of Watertown (Segment 2 ) had a drainage area of 7.5 km2 • 
This segment contributed 161,870 kg, 33,930 kg, and 57,790 kg of TOC, 
TON, and TP, respectively. This amounted to 21,583, 4,524, and 7,705 
kg/km2 per year of TOC, TON, and TP. 
The Willow Creek Drainage (Segment J), had a drainage area of 
328 km2 • This segment contributed 358,980 kg, 37,260 kg, and 23, 150 kg 
of TOC, TON, and TP. This amounted to 1, 095, 113, and 70 kg/km2 per 
year of TOC, TON, and TP. 
The annual load leaving the study area amounted to 1,507,820 kg, 
127,320 kg, and 140,310 kg of TOC, TON, and TP, respectively. 
Approximately 90 -percent of the TOC, 87 percent of the TON, and 
67 percent of the TP was attributed. to the agricultural drainage areas. 
Eleven percent of the TOC, 27 percent of the TON, and 41 percent of the 
TP was attributed. to the city of Watertown. 
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INTRODUCTION 
Except for the Black Hills Region, the Big Sioux River Basin 
produces the largest annual water discharge in South Dakota. It has an 
average annual runoff, measured at Akron, Iowa, of 771 x 106 m) 
(625,100 acre-feet) from a contributing drainage area estimated at 
18,285 km2 (7,060 mi2 )(u.s. Department of Interior 1971). The upper 
Big Sioux River Basin, from just south of Watertown, South Dakota, to its 
head waters, and the Willow Creek drainage were the subjects of this 
study'(approximate area 1,370 Ion2 ).  Study objectives were to determine 
the transport of nutrients, especially organic carbon, organic nitrogen, 
and total and orthophosphate originating from agricultural lands and 
from the city of Watertown. 
The chief use of the river is for transport of agricultural and 
domestic effluents. It drains intensively farmed and grazed agricultural 
land of eastern South Dakota and receives sewage effluent from many 
communities. Applegate (1971) calculated that the human population 
located on the Big Sioux River aquifer contributed. roughly 204,233 kg of 
nhosphorus and 711,314 kg of nitrogen to waste waters each year. Based 
on data presented by Biggar and Corey (1969), agriculture's contribution 
of nitrogen and phosphorus in the drainage would amount to roughly 
6 6 9 x 10 kg and 3. 5 and 10 kg per year, respectively. 
The river also serves as a- transport media for nutrients into and 
out of several lake and marsh systems in the drainage basin. Skille (1971) 
reported that the annual discharge of organic carbon from the Lake 
2 
Poinsett System was greater than the amount transported into the lake 
by the Big Sioux River. Annual discharge of nitrate-nitrogen and total 
phosphate from the lake system was less than the amoW1t added by the 
river. 
The nutrient load in a stream is a primary factor influencing 
biota. Continual addition of nutrients to the Big Sioux River has 
created a highly eutrophic river. The purpose of this study was to 
supply a foundation for future biological investigations and also, to 
obtain data which will stimulate action aimed at improving the water 
quality and esthetic and recreational value of the Big Sioux River. 
STUDY AREA 
The upper Big Sioux River Basin, the subject of this study, was 
that portion of the basin outlined. in Figure 1. The major part of this 
:i.rea was in Codington County. The study area was divided into three 
segments: the area above the city of Watertown (Segment 1), the city of. 
Watertown (Segment 2 ),  and the Willow Creek drainage (Segment 3) which 
enters the Big Sioux River south of Watertown. 
The Big Sioux River drainage above Watertown (Segment 1) 
The head-waters of the Big Sioux River in Grant County and the 
tributaries to the river north of the city of Watertown were included in 
this segment. The drainage area encompassed 4666 km2, of which 1036 km2 
were contributing (u. s. Department of Interior 1971). The contributing 
part of the drainage had approximately 144 km of stream channel. 
Description of soil types in Segment l was obtained from the U. s. 
Department of Agriculture (1966), �he bottom lands of the river and 
its tributaries were Lamoure-Rauville associations. Lamoure soils were 
silty clay loams and were poorly drained, These fertile soils absorbed 
water slowly, but held it well. Rauville soils were poorly drained 
with a water table near the surface, Estelline-Fordville-Renshaw 
associations were adjacent to the river bottoms. Estelline and Fordville 
soils absorbed water readily and were well-drained. Renshaw soils, found 
on stream terraces and outwash plains, absorbed water readily, but had 
low water-holding capacity, Kranzburg-Brookings-Vienna associations 
occurred on nearly level to gently sloping uplands. The relief in this 
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Figure 1. The upper Big Sioux River draina;,ie basin, 
South DaKota. 
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association consisted of ,broad ridgetops and long, smooth side slopes 
ending in drainage ways flowing into the river. Kranzburg soils were 
fertile, absorbed water readily, held it well, and erosion was moderate. 
Vienna soils also absorbed water readily and held it well. Brookings 
soils were moderately well-drained and occupied the nearly level flats 
on the broad drainage ways. The surface layer of all these associations 
were in the Chernozem Great Soil Group which was rich in organic matter. 
Agriculture was the main enterprise in the upper Big Sioux River 
Basin. There were 896 farms (169, 000 hectares) in Codington County in 
1964. Farms made up about 94 percent of the total land area in the 
county. Approximately 66 percent of the total farm land in Segment 1 
was cropland, 25 percent pasture, 4 percent wild hay, and 5 percent other 
uses (South Dakota Crop and Livestock Reporting Service 1971). Average 
livestock production in Codington County for the years 1956-65 was 
.56, 100 cattle, 22,850 hogs, 24, 000 sheep, and 130, 500 chickens. Livestock 
production was fairly evenly distributed �mong the various townships in 
the county. Numbers of livestock for each segment were determined by 
finding the average number of each type of livestock per hectares for 
the entire county and multiplying by the number of hectares in the 
segment. Based on this method, the average numbers of livestock in 
Segment 1 for the years 1956-65 were 30, 720 cattle, 12,800 hogs, 15, 360 
sheep, and 71, 680 chickens, There were approximately 5, 752 people 
living in Codington County outside the city of Watertown, or approximately 
0,0J2 people per rural hectare; therefore, there were approximately 
2,750 people liVing in Segment 1. 
6 
The City of Watertown (Segment 2 ) 
Segment 2 had an area of 7.5 km2 and a population of 13,388 people 
or 1,735 people per km2 (Riley et al, 1972 ) .  The city's sewer was 
treated by a secondary mechanical treatment facility. The city was in 
the process of separating its sewer system and storm drain system during 
the summer and fall of 1971, 
The Willow Creek Basin (Segment 3) 
The Willow Creek drainage, from its head-waters in Deuel County to 
its outlet into the Big Sioux River in Codington County (Fig. 1), had 
approximately 64 km of stream channel and drained an area of 328 kJn.2 
(East Dakota Conservancy Sub-district 1969),  Soil types were described 
by the U. S. Department of Agriculture (1966).  The hilly glacial moraines 
and steep slopes along stream valleys were in the Buse-Sioux association. 
The area had mixed deep and shallow soils developed in glacial till, 
glacial drift, and glacial outwash. Many areas were stony with an 
abundance of closed depressions and potholes, Buse soils were loamy with 
thin surface layers, high in lime, and well-drained, Sioux soils were 
shallow, medium textured, excessively drained, and nearly level to 
undulating, They were relatively infertile and subject to drought. 
Upland soil types in the Willow Creek segment were the Kranzburg-Brookings-
Vienna association. 
Approximately 69 percent of the total farmland in Segment J was 
cropland, 23 percent pasture, 6 percent wild hay, and 2 percent 
other uses (South Dakota Crop and Livestock Reporting Service 1971) .  
Based on the method used to calculate numbers of each type of 
livestock described in Segment 1, livestock numbers for the years 
1956-65 averaged 8,600 cattle, 4,000 hogs, 4,000 sheep, and 22,400 
chickens, There were approximately 1,040 people living in Segment J. 
7 
MEI'HODS AND MATERIALS 
Water samples for Segment 1 were collected. in the northeast corner 
of Section 24, R 52 W, T 116 N, Codington County, where 14th Avenue 
crosses the river on the northern city limits of Watertown (Station 1 )  
(Fig. 2), Water samples for Segment 2 were collected in the north-
central portion of Section 8, R .52 W, T 116 N, Codington County, where 
County Road 16 crosses the Big Sioux River and approximately 100 meters 
below the city•s sewer-treatment outlet (Station 2 ). Segment 3, the 
Willow Creek drainage area, was sampled in the northwest corner of 
Section 9, R 52 W, T 116 N, Codington County, where County Road 16 
crosses the creek (Station 4),  Station 3 was located in the northwest 
corner of Section 15, R 52 W, T 116 N, Codington County, on the Big 
Sioux River 2.8 km below Station 2 and 1. 4 km below the confluence of 
Willow Creek and the Big Sioux River (Fig. 2 ). Station 3 was located so 
that the influence of the Willow Creek drainage on the Big Sioux River 
could be measured. and the total load of nutrients leaving the study area 
determined, 
Water samples were collected bimonthly from October, 1971, through 
February, 1972; weekly from March,1972, through June, 1972; and bimonthly 
from July, 1972, through December, 1972, Samples were taken in triplicate 
1 from a cross-section of the stream and stored in brown, 1-liter Nalgene 
bottles. Stream discharge was measured.at each station at the time of 
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10 
sampling using a model 622 Gurley1 current meter or a Weather Measure1 
pigmy current meter. Discharge measurements were made according to 
procedures described by Linsley et al , (1958). Stream depth was measured 
every 0, 5 meters across the stream channel. Velocity measurements were 
made at 0, 6 of the depth and between each depth measurement, 
Field analyses of water samples consisted of temperature, alkalinity·, 
pH, dissolved oxygen, and chloride. Dissolved oxygen concentrations were 
determined by the azide modification of the Winkler method (American 
Public Health Association 1971), and pH was determined. with a Hellige 
Comparator1 • Other constituents were determined with a Hach Chemical 
Company Field Engineer Laboratory (Model DR-EL), using methods in Ha.ch 
Chemical Company's Methods Manual 7th edition. 
Laboratory analyses of water samples were begun immediately upon 
returning from the field and completed. within 36-hours of collection. 
Total hardness and calcium hardness were determined using Hach Chemical 
Company methods, and specific conductance was measured with a Beckman 
. 1 
RB-J Solu-bridge conductivity meter. 
Orthophosphate analysis was done immediately upon returning to the 
laboratory. Duplicate analyses were made on each of the three samples. 
Orthophosphate concentrations were determined using the stannous chloride 
method (American Public Health Association 1971). F-values (0, 05 level) 
were calculated for orthophosphate by analysis of variance for a 1-way 
1rrade names 
11 
classification. Significant differences between yearly mean flows (g/s) 
for each station were compared using Duncan's new multiple-range test 
at the 0,05 level (Steel and Torrie 1960), 
'l'he three water samples ta.ken at each station were combined, and a. 
fraction was filtered through a pre-rinsed, millipore filter (0. 45)..l), A 
filtered fraction (dissolved fraction) and an unfiltered. fraction (total 
fraction) was then analyzed for organic carbon, organic nitrogen, ammonia, 
and total phosphate. The particulate fraction was the difference between 
the total and dissolved fractions. 
Organic carbon was determined using the quantitative-dichromate 
oxination technique described by Maciolek (1962 ). His micro-method was 
modified by using 0. 5 N potassium dichromate a.�d diluting a 1. 0 N ferrous 
sulfate solution to approximately 0,20 N, A fresh solution of ferrous 
sulfate was used on each day of analysis, All analyses of samples were 
run in triplicate and organic-carbon oxidation values were corrected for 
chloride contamination as recommended by Maciolek (1962 ). Gonyea and 
Hunt (1969) concluded that the dichromate oxidation technique was superior 
to the ashing technique because it demonstrated procedural simplicity, 
3light variability, and accuracy. Efficiency of the technique was 
tested using L-valine (c_s1111No2) as a carbon source. Known amounts of 
L-valine were dissolved in river water samples in concentrations 
eq:1lvalent to those found in the Big Sioux River. One-hundred percent 
::ecovecy was achieved using the modifications desc1"i. bed; 
12 
Organic nitrogen and ammonia concentrations were determined by the 
Kjeldahl method (American Public Health Association 19?1), modified to 
1 use Kel-Pak Powder Number 2, containing potassium sulfate and copper 
sulfate, and 25 ml of concentrated sulfuric acid. Water samples of 
JOO ml were distilled and the distillate collected in a boric acid 
solution. The distillate was used for the ammonia nitrogen determination, 
and the residue was used for the organic nitrogen determination. 
Concentrations were determined using 0.02 N sulfuric acid titrant and a 
pH meter. The samples were titrated to the pH of a blank that was carried 
through the same procedural steps as the samples. Morgan et al. (1957) 
found that the use of copper sulfate was somewhat less efficient in 
organic matter oxidation than mercuric sulfate. They obtained 91 
percent recovery with copper sulfate. Efficiency of the technique used 
in this study was tested using known amounts of L-valine dissolved in 
water from the Big Sioux River, in concentrations �uivalent to those 
found in the river. One-hundred percent recovery was achieved. using the 
modifications described. 
Total phosphate was determined using the stannous chloride 
colorimetric method (American Public Health Association 1971), after 
sulfuric acid-nitric acid digestion. Analysis was done in duplicate 
after samples were combined. Efficiency of the technique was tested 
using adenosine monophosphate (Ccjl12orji,jP) as a known phosphate source. 
Eighty percent recovery was achfeved with concentrations of the magnitude 
found in the Big Sioux River. 
l.rrade names 
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Concentration (mg/L) and flow (g/s) data are presented for three 
time periods: (1) October through February, (2) March through June, and 
(3) July through December, encompassing a total of 15 months. Total 
annual load data (kg/year) for the period October 1, 1971, through 
September 31, 1972, is also presented by three time periods: (1) October 
through February, (2) March through June, and (3) July through 
September. The first period was one of little precipitation and low 
stream discharge. The second was one of snow melt and high precipita­
tion runoff, resulting in high stream discharge, and the third was one 
of little precipitation and declining stream discharge. 
RESULTS A.ND DISCUSSION 
Alkalinity, hardness, pH, and dissolved oxygen were generally about 
the same at all four stations. Chloride concentrations were much higher 
at Stations 2 and 3 than at Stations 1 and 4, reflecting the sewage 
effluent from the city of Watertown. Specific conductance was highest 
in Willow Creek. Addition of this water to the Big Sioux River increas� 
conductivity at Station 3 (Appendix Tables 1, 2, 3 , 4). 
The Big Sioux River Drainage above Watertown (Segment 1) 
Total discharge at Station 1 during the ;rear October, 1971, through 
September, 1972, was 87.7 x 106 m3 (71 x 103 acre-feet). The U.S. 
Department of Interior (1971) reported an average discharge of 28. 7 x 
106 m3 (23, 310 acre-feet) per year at a gauging station located 
approximately 2, 2 km upstream from Station 1 ,  The period in which this 
study was conducted was an above-average water y ear. Seventy-nine 
percent of the flow (69,1 x 103 m3) occurred. during the 4-month period 
March through June (Table 1), 
Concentrations of total organic carbon (TOC) ranged from 5,26 to 
11,01 mg/L, 6,07 to 16,25 mg/L, and 6,46 to 13,34 mg/L, and averaged 
. 6,37, 10,71, and 9,31 mg/L for the periods October-February, March-June 
and July-December, respectively (Fig. 3) , Transport of TOC ranged from 
0,14 to 4.40 g/s, 32,52 to 141,98 g/s, and 3,16 to 37,92 g/s, and 
averaged 1.64, 71.17, and 15,5.9 g/s, respectively, for the three periods 
(Fig. 3). Total annual load of TOC for the year October, 1971, through 
September, 1972, was 882,300 kg. Three percent (24,030 kg), 78 percent 
15 
TABLE 1. Water discharge in the Big Sioux River, and Willow Creek, 
South Dakota, October, 1971-September, 1972 (m3 x 103). 
Station 
Month 1 2 3 4 
Oct 540 480 480 
Nov 1. 080 1,240 1, 240 
Dec 880 1,060 1. 060 
Jan 800 )20 )20 
Feb 160 190 190 
March 22, 010 10, 850 14, 460 J,600 
April 12, 600 16, 050 20, 460 4, 410 
May 18,580 24, JJO 31,350 6,200 
June 15,940 21,180 25,870 5,)70 
July 6, 700 10,330 12,200 1, 870 
Aug 5, 080 8,100 8, 550 450 
Sept J,320 4,160 4, 350 190 
Total 87, 690 98,290 120,530 22,090 
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(689,210 kg), and 19 percent (169, 060 kg) of the total was transported 
during the periods October-February, March-June, and July-September, 
respectively (Table 2). Dissolved organic carbon averaged 80 percent 
(range 50-96 percent) ,  74 percent (range 26-91 percent), and ?O percent 
(range 26-100 percent) of the TOC for the three periods October-February, 
March-June, and July-December, respectively. The largest percentage of 
organic carbon was transported in the dissolved fraction, Similar 
results were reported by Likens (1972) for an undisturbed forested 
watershed where 75 percent of the organic matter was in the dissolved 
fraction. 
Concentrations of total orga.�ic nitrogen (TON) ranged from 0,24 to 
2,62 mg/L, 0, 33 to 1,55 mg/L, and 0, 65 to 1,29 mg/L, and averaged 0,87, 
0,88, and 1.02 mg/L for the three periods, respectively (Fig. 4). 
Transport of TON ranged from 0. 02 to 0,37 g/s, 2. 44 to 11,34 g/s, and 
0.)2 to 2, 97 g/s, averaging 0, 15, 5. 72, and 1. 28 g/s, respectively 
(Fig. 4). The total annual load was 7),600 kg; less than one percent 
(2, 150 kg), ?8 percent (55,)30 kg), and 22 percent (16,110 kg) was 
transported during the three periods (Table 3).  Seventy-seven percent 
(range 24-100 percent), and 64 percent (range 44-92 percent) of the TON 
was in the dissolved fraction for the periods March-June and July­
December, No analyses of the dissolved and particulate nitrogen 
fractions were made during the period October-February. 
· Concentrations of total phosphate (�P) ranged from 0. 20 to 1. 30 mg/L, 
0. 46 to 1. 32 mg/L, and 0, 48 to 1. 22 mg/L, and averaged o. 75, o. 72, and 
0,87 mg/L, respectively for the three periods (Fig. 5). Transport of TP 
18 
TABLE 2. Total organic carbon transport in the Big Sioux River and 
Willow Creek, South Dakota, October, 1971-September, 1972, 
Sis,.tion 
2 4 
Percent Percent Percent Percent 
of of of of 
Month Kilograms Total Kilograms Total Kilograms Total Kilograms Total 
Oct 3,350 <l" 5,430 <l 6,840 <l 
Nov 9, 140 l 14, 260 1 19, 580 l 
Dec 4, 840 <l 3, 960 <1 3,760 <1 
Jan 5, 730 <l 7,440 <1 3, 570 <l 
Feb 970 <1 1, 880 <1 1,670 <l 
March 132,350 15 86,280 8 147, 770 10 43, 520 11 
April 136,440 15 152, 500 15 316, 870 21 106, 270 29 
May 239,270 27 283, 240 27 394, 240 26 102,370 28 
June 181, 150 21 243, 060 2J 329, 830 22 60,120 16 
July 86, 600 10 118, 370 11 152, 220 10 36,460 10 
Aug 56, 470 6 79, 460 8 87, 120 6 7,290 2 
Sept 25, 990 3 44, 500 4 44, 350 J 2, 950 1 
Total 882,300 1, 040, 380 1, 507,820 358, 980 
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'l'ABLE 3. Total organic nitrogen transport in the Big Sioux River and Willow Creek, South Dakota, October, 1971-September, 1972. 
Month 
Oct 
Nov 
Dec 
Jan 
Feb 
Mech 
April 
May 
June 
July 
Aug 
Sept 
Total 
Percent 
of 
Kilograms Total· 
370 <l 
860 l 
330 <1 
450 <1 
140 <l 
10,130 14 
13,100 20 
17, ,560 24 
14,540 20 
7,290 10 
5,650 8 
3,170 4 
73,600 
Station 
Percent 
of 
Kilograms Total 
4,820 4 
1,880 2 
460 <l 
430 <l 
230 <1 
13,050 12 
15,980 15 
26,6:30 25 
19,300 18 
10,490 10 
9,150 8 
5,110 5 
107,320 
Percent 
of 
Kilograms Total 
590 <l 
1,560 1 
420 <l 
640 <1 -
240 <1 
14,770 12 
26,860 21 
36,970 29 
24,690 20 
8,630 7 
6,770 5 
5,180 4 
127,320 
4 
Percent 
of 
Kilograms Total 
6,770 18 
10,730 29 
9,070 24 
5,830 16 
3,650 10 
890 2 
320 1 
37,260 
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Figure 5. Concentrat,on and flow of pnospnate at Staten 1 on the Big Sioux River; SO-Jth Dakota, 
October, 1971-December, 1972. 
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ranged from 0.01 to 0.39 g/s, 2 . 36 to 7 . 87 g/s, and 0 .24 to 3.46 g/s , 
and averaged 0.15, 4. 60, and 1. 13 g/s, for the three periods, 
respectively (Fig. 5). Total annual load of TP was 61,600 kg. Four 
percent (2,290 kg) ,  72 percent (44,600 kg),  and 24 percent (14, 710 kg) 
of the TP was transported during the three periods, respectively 
(Table 4) . Dissolved phosphate averaged 64 percent (range 9-100 percent), 
67 percent (range 18-100 percent), and 56 percent (range 27-93 percent) 
of the total for the respective periods . The particulate fraction of the 
total phosphate was . higher than were either nitrogen or carbon, indicating 
that phosphate was more closely associated with sediment transport than 
carbon or nitrogen. Results for phosphate were consistent with results 
reported by Biggar and Corey (1969) , who showed that phosphorus, in 
either the organic or inorganic form, was relatively insoluble in water, 
but was transported with eroded sediments. Forty-seven percent of the 
TP transported was in the orthophosphate fraction, amounting to 
29, 120 kg (table 5) .  Fifty-three percent (32,480 kg) was in the organic 
and polyphosphate fractions (Table 4). Biggar and Corey (1969) reported 
phosphorus fractions ranging from J s 97 (organic to inorganic) to 75, 25. 
The results obtained in this study were well within these ranges. 
The City of Watertown (Segment 2) 
Annual stream discharge at Station 2 was 98. 2 x 106 mJ. Seventy-four 
percent of the d�scharge occurred during the months March t�ough June 
(Table 1 ) .  Total organic carbon concentrations ranged from 7 . 12 to 
17. 76 mg/L, 5, 79 to 13. 70 mg/L, and 9 .28  to 13. 31 mg/L, and averaged 
23 
'T'ABLE 4. Total phosphate transport in the Big Sioux River and Willow 
Creek, South Dakota, October, 1971-September, 1972. 
Month 
Oct 
Nov 
Dec 
Jan 
Feb 
March 
April 
May 
June 
July 
Aug 
Sept 
Total 
�arcent 
of 
Kilograms Total 
540 1 
550 1 
490 · < 1  
520 1 
190 <1 
10, 330 17 
10, 080 16 
11, 160 18 
13, 030 21 
8,030 13 
3, 870 6 
2, 810 5 
61,600 
Statl,on 
Percent 
of 
Kilograms Total 
2 , 340 2 
5,360 5 
6, 360 6 
8,440 7 
2, 970 1 
10,280 9 
13, 900 12 
21, 020 18 
23,620 21 
11,310 10 
7,810 7 
5, 980 5 
119,390 
Percent 
o? 
Kilograms Total 
2,280 2 
4, 880 4 
5,240 3 
3, 500 2 
1, 970 1 
15, 060 11 
25, 850 19 
27, 940 20 
25, 130 18 
15,620 11 
7,510 5 
5, '.330 4 
140,310 
Percent 
of 
Kilograms Total 
5, 920 26 
4, 610 20 
5, .510 24 
3, 890 17 
2,750 12 
320 1 
150 <1 
23,150 
TABLE 5, Orthophosphate transport in the Big Sioux River, 
Creek, South Dakota, October, 1971-September, 1972, 
Month 
Oct 
�Tov 
Dec 
Jan 
Feb 
f.'ia.rch 
April 
May 
June 
July 
Aug 
Sept 
!'otal 
Percent 
of 
Kilograms Total 
140 < l  
240 < l 
230 . < l  
330 < l  
70 < l  
9, 970 34 
2,020 7 
4, 460 15 
6, 050 21 
2, 970 10 
1,560 5 
1, 080 4 
29, 120 
Station 
2 
Percent 
of 
Kilograms Total 
1, 340 2 
3,310 5 
J,420 5 
4, 020 6 
2, 300 3 
11,230 17 
3,240 5 
8,480 13 
13, 750 21 
6, 320 10 
4, 170 6 
3, 240 5 
64, 820 
Percent 
of 
Kilograms Total 
1, 340 2 
3, 600 5 
3 , 350 5 
2,600 4 
2, 300 3 
12,940 19 
5, 260 8 
7,740 12 
13, 460 20 
7, 590 11 
'.3, 940 6 
2, 590 4 
66, 710 
24 
and Willow 
Percent 
Kilcgra.ms Total 
1,710 33 
720 14 
1, 120 22 
1,220 24 
350 7 
40 < l  
10 < l  
5, 170 
25 
11. 81, 10. 31, and 10. 59 mg/L, respectively, for the three periods 
(Fig. 6). Transport of TOC ranged from o. o in late February and early 
March when the river was frozen solid, to 6. 03 g/s, 53. 26 to 143,98 g/s, 
and 10. 30 to ,54. 11 g/s, averaging 2. 53, 77, 27, and 21. 71 g/s, 
respectively, for the three periods (Fig. 6), Annual transport of TOC 
at Station 2 was 1, 040,)80 kilograms. Three percent (32,970 kg), 
73 percent (765, 080 kg), and 24 percent (242, 3)0 kg) was transported 
during each of the three respective periods ("fable 2) . Dissolved 
organic carbon averaged 74 percent (range 48-80 percent), 75 percent 
(range 21-91 percent), and 70 percent (range 56-88 percent) for the three 
periods. Fractions of dissolved and particulate organic carbon were 
nearly the same at Stations 1 and 2 .  
rransport of TOC at Station 2 came from Segment l and 2. 'L'he 
total load from the upper river drainage subtracted from the load at 
Station 2 gave an approximation of the amount contributed by the city of 
Watertown. Nutrient additions at Station 2 came largely from the city 
and were attributed to the city. However, some nutrient material was 
undoubtedly added by Pelican Lake and by farms adjacent to the river at 
the lower end of the reach between Stations 1 and 2. During the s�ring 
runoff period, high water was partially diverted into Pelican Lake 
(Fig. 1). As high runoff subsided, this water returned to the river . 
Periodic checks in the river below the Pelican Lake diversion indicated 
no measurable differences in nutrient concentrations with those at 
Station l .  �hus it was assumed that this inflow-outflow from the lake 
had little overall effect on the total system. Annual transport of �OC 
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from Segment 2 (chiefly the city of Watertown), obtained. by subtracting 
values obtained at Station 1 from values at Station 2 ,  amounted. to 
161,870 kg. The three respective periods contributed. 9,010 kg (5 percent), 
79, 590 kg (49 percent), and 73,370 kg( 46 percent) to the year' s total. 
The 6-month period from October to February contributed little to the 
total annual load (5 percent), but during the remaining 6 months the 
total load was evenly distributed., with 49 percent during the 4-month 
period March-June and 46 percent for the J-month period July-September. 
�otal organic nitrogen concentrations at Station 2 ranged from 
0. 65 to 2 . 24 mg/L, 0. 58 to 1 . 49 mg/L, and 0, 98 to 1 . 44 mg/L, averaging 
1. 50, 1 . 03, and 1.21 mg/L, respectively, for the three periods (Fig, ?). 
Transport of TON ranged from O, in late February and early March when 
the river was frozen solid. to 6 , 0J g/s, 2 , 75 to 12. 90 g/s, and 1, 39 to 
3 ,98 g/s and averaged 2, 53, 7, 52 ,  and 2,34 g/s for the three periods, 
respectively (Fig, ?) • Annual load of TOH was 107, 530 kg. Seven 
percent (7,820 kg), 70 percent (74,960 kg), and 23 percent (24,750 kg) 
of the annual load was transported during each of the three periods 
(Table J). Dissolved. organic nitrogen was 74 percent (range .54-95 
percent) and 65 percent (range 51-72 percent) of the total for the 
periods March-June and July-September, Percent particulate organic 
nitrogen was slightly higher at Station 2 than Station l, Concentrations 
of organic nitrogen were highest from January 28 to March 9, 1972. 
The only occurrence of ammonia in the river was at this station during 
this period. Its concentration averaged. 5 . 5 mg/L. 
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Fig..re 7. Concentration ana flow of organic nitro;en at Station 2 on the Big Sioux R,ver, Soutn Dakot a. 
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After subtracting the load coming from Segment 1 ,  total annual load 
(TON) from Segment 2, amounted to JJ,90) kg. Seventeen percent ( 5,670 kg) , 
58 percent (19, 630 kg) , and 25 percent (8,640 kg) was contributed 
during the three periods , respectively. The flow of both TON and TOC, 
though influenced by spring runoff, was more evenly distributed. over 
the entire year. The increase during the spring period was a result 
of storm-sewer runoff and overflow of the sewer-treatment facility. 
Total phos�hate concentrations ranged from 4.25 to 15 . 00 mg/L, 
0 . 6J to 1. 36 mg/L, and 0. 78 to 3 . 52 mg/L ,  averaging 8 . 14 ,  0 .93, and 
1 .64 mg/L, respectively , for the three periods (Fig. 8). Transport of 
�P ranged from o. o to 3 . 15 g/s , 3. 03 to 10 • .52 g/s , and 1. 48 to 4. 80 g/s , 
averaging 1, 57, 6. 62, and 2, 84 g/s , respectively , for the three periods 
(Fig. 8). Total annual load of TP was 119,390 kilograms , Twenty-one 
percent (25,470 kg), 57 percent (68, 820 kg) , and 22 percent (25 ,100 kg) 
of the total load was transported. during each of the periods (Table 4). 
Total phosphate load after subtracting the load coming from Segment 1 ,  
amounted to 57,790 kg, Forty percent (2J , 180 kg) , 46 percent (24,200 kg) , 
and 19 percent (10, 390 kg) was contributed during each of the three 
periods, The percentage of 'l'P load per period was more evenly distributed 
over the entire year at Station 2 than at Station 1. 
Dissolved phosphate averaged 73 percent (range .56-90 percent) , 
65 percent (range 18-100 percent), and 71 percent (range 27-83 percent) 
for the three periods. The percentage of particulate phosphate was · 
slightly less at Station 2 than at Station l because a greater percentage 
of phosphate originating at the city ' s sewer was in the dissolved fraction. 
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High concentrations of TP, TON, and ammonia prevailed from 
January 28 until March 9. This occurred at a time when the river' s 1'low 
was blocked by ice frozen from top to bottom at a point somewhere 
below Station 3 (Fig. 2). Nutrient materials accumulated in reaches of 
the river above the blockage. Dissolved oxygen values ranging from 1. 2  
to 6. o (Appendix Table 2) were recorded for samples taken during the 
middle of the day: hence, it is reasonable to assume that DO values might 
have dropped to zero during the night. Fillos and Molof (1972) found 
that when DO dropped below 0.2 mg/L there was a 10-fold increase in the 
release of phosphorus and a 100-f old increase in the release of NH3 - N 
from the sediments. This may explain the increased concentrations of 
TON, TP, and ammonia at Station 3 during the January 28-March 9 period . 
Inorganic orthophosphate contributed .54 percent of the annual TP 
load, Annual load of orthophosphate was 64, 820 kg, with 14,390 kg 
(22 percent), 36, 700 kg (57 percent), and 13, 730 kg (21 percent) being 
contributed during each of the three periods, respectively (Table 5), 
The orthophosphate fraction was evenly distributed over the entire year, 
�he annual orthophosphate load from Segment 2, obtained by subtracting 
the load at Station 1 from Station 2, amounted to 35, 700 kg, Of this 
amount, 13, 380 kg (37 percent), 14,200 kg (40 percent), and 8, 120 kg 
(23 percent) was contributed during each of the three periods, 
The Willow Creek Basin. (Segment 3) 
Willow Creek was dry between October, 1971, and March, 1972, 
Total discharge from March through September, 1972, was 22. 09 x 106 m:3. 
32 
Eighty-nine percent of the flow came during the months of March through 
June, 8 percent came in July, and the remaining 3 percent during August 
and September (Table 1). Concentrations of TOC ranged from 5. 17 to 
43. 75 mg/L and 7, 85 to 20, 17 mg/L, and averaged. 15, 04 and 13, 42 mg/L for 
the periods March-June and July-December, respectively (Fig, 9 ), 
Transport of TOC ranged from 9, 64 to 115, 10 g/s and 0, 92 to 19, 46 g/s 
and averaged 32 , 35 and 3, 38 g/s during March-June and July-December 
(Fig. 9), Transport of �OC for the period March through September, 1972, 
was 358,980 kg, Eighty-seven percent (312,280 kg) of the total was 
transported during March-June, and 13 percent (46,700 kg) of the tota.l 
was transported during July-September. These percentages are similar to 
those found at Station 1 for the same periods. Dissolved. organic carbon 
averaged 66 percent (range 5-84 percent) and 67 percent (range 48-92 
percent) of TOC for the periods of March-June and July-December. The 
percentage particulate carbon was higher in Willow Creek than in the 
Big Sioux River during both periods. 
Concentrations of TON ranged from 0. 91 to 4. 22 mg/L during the 
�!arch-June period and from O. 91 to 2 . 17 mg/L during the July-December 
period, averaging 1, 51 and 1, 50 mg/L, respectively (Fig. 10), Transport 
of -�011 ranged from 1. 01 to 11. 10 g/s during March-June and from 0 . 10 
to 2, 03 g/s during July-December and averaged 3, 18 and 0. 36 g/s for the 
two periods (Fig, 10). Annual transport of TON was 37 ,260 kg. There 
were 32,400 kg transported during March-June and 4,860 kg transported. 
during July-September (Table 3),  Dissolved organic nitrogen averaged 
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61 percent (range 22-82 percent) and 64 percent (range 19-62 percent) of 
the total for the two periods. 
Total phosphate concentrations in the Willow Creek drainage ranged 
from 0. 41 to 1. 64 mg/L and from 0. 24 to 1. 68 mg/L, averaging 0. 86 and 
0. 72 mg/L for the periods March-June and July-December (Fig. 11). 
These concentrations were similar to those recorded at Station 1. 
�ran sport of TP ranged from O. 62 to 5. 84 g/ s and from O. OJ to 1. 62 g/ s, 
and averaged 1. 93 g/s and 0. 22 g/s for the periods March-June and July­
December (Fig. 11). Transport was lower at Station 4 than at Station 1. 
':.'he annual transport of TP was 32,150 kg ('rable 4). Eighty-seven 
percent (19, 930 kg) was contributed during the March-June period and 
13 percent (J,220 kg) during the July-September period. The dissolved 
phosphate fraction was 47 percent (range 19-75 percent) and 45 percent 
(range 17-100 percent) of the TP for the two periods. The dissolved 
phosphate fraction was lower at Station 4 than at Station 1. -!'his was 
also the case with organic carbon and nitroger.. 
Orthophosphate contributed 5, 170 kg or 22 percent of the tctal 
phosphate load at Station 4 (Table 5). Ninety-two percent (4,770 kg) 
was contributed during the March-June period and 8 percent (400 kg) 
during the July-September period, indicating that. most of the ortho­
phosphate was transported from the watershed during spring runoff. 
Combined nutrient Transport Leaving the Study Area. (Station 3) 
Water discharge at Station 3 represented the comb:tned flow from 
Stat.ion 2 on the Big Sioux River and Station 4 on Willow Creek (Fig. 2). 
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Total flow for the year October, 1971, through September, 1972, was 
6 3 120. 5 x 10 m .  Seventy-six percent of the flow occurred during 
March-June, 4 percent during October-February and 20 percent during 
July-September (Table 1). 
Concentrations of TOC ranged from 5. 88 to 24.17 mg/L, 8. 16 to 
23. 71 mg/L and 9. 42 to 11. 52 mg/L, and averaged 13.92, 12. 21, and 
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10. 74 mg/L, respectively, for the periods October-February, March-June 
and July-December, respectively (Fig. 12). Transport of TOC ranged from 
0. 0 to 8.99 g/s, 50. 95 to 211. 67 g/s, and 10. 37 to 61.80 g/s, averaging 
2. 88, 121, 71, and 24.90 g/s (Fig, 12). Annual transpcrt of TOC 
amounted to 1, 507,820 kg. Two percent (35,420 kg), 79 percent 
(1,188,710 kg), and 19 percent (283, 690 kg) was contributed during the 
three periods (Table 2). Dissolved organic carbon averaged 65 percent 
(range 33-82 percent), 64 percent (:i;ange 4-92 percent), and 71 percent 
{range 54-87 percent) of the TOC for the three periods. The dissolved 
organic carbon fraction was lower at Sta tion J than at Station 2 
during October-February and March-June and ar,proximately the same during 
July-December. 
Concentrations of TON ranged from 0. 70 to 2.20 mg/L, 0. ,54 to 
1. 68 mg/L, and 0. 85 to 1. 48 mg/L , averaging 1.42, 1, 13, and 1.22 mg/L 
for the three periods, respectively (Fig. 13). Flow of organic nitrogen 
ranged from o . o to 0.94 g/s, 3, 13 to 15. 00 g/s, and 1. 42 to 5,81 g/s, 
and averaged 0. 38, 10. 70, and 2, 64 g/s for the three periods, 
respectively (Fig, 13), Transport of TOl'l during the year amounted to 
127, )20 kg. Three percent (3, 450 kg), 81 percent (103, 290 kg), and 
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Figure 12. Concentrat,on and flow of organiC caroon at Station 3 on the 819 SiOux River, South Dakota, 
Octooer, '1971-December, 1972. 
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16 percent (20, 580 kg) of the total was transported during the periods 
October-February, March-June, and July-September, respectively (Table J). 
Dissolved organic nitrogen averaged 70 percent (rar1ge 42-100 percent) 
and 66 percent (range 51-80 percent) of the TON during the two periods 
March-June and July-December. 
Total phosphate concentrations ranged from 4. 44 to 15. 00 mg/L, 
0. 66 to 1. 96 mg/L, and 0. 81 to 5. 60 mg/L, averaging ?. 24, 1. 03 ,  and 
1. 79 mg/L, respecitvely (Fig. 14). The mean concentration at Station 2 
was higher than that at Station J during October-February, but was 
approximately 10 mg/L less during the two periods March-June and July­
December. Flow of TP ranged from o . o to 2. 64 g/s, 4. J6 to 21. 00 g/s, 
and 1. 51 to 7. 99 g/s, and averaged 1, 66, 9, 70, and J. 42 g/s for the three 
periods (Fig. 14) . The average flow of TP at Stations 2 and 3 was 
nearly the same for the October-February period, but flow was greater 
at Station 3 for the March-June and July-December periods due to the 
discharge from Willow Creek. Annual transport of 7P amounted. to 
140,JlO kg (Table 4). Twelve percent (16,380 kg), 67 percent (94,020 kg), 
and 20 percent {28,460 kg), respectively, was transported. during the 
three periods (Table 4). 
The annual orthophosphate contribution was 66, 710 kg (Table 5) . 
:his amounted to 48 percent of the annual TP load. 7wenty percent 
(13, 190 kg), 59 percent (39,400 kg), and 21 percent (14, 120 kg) of the 
orthophosphate was transported during the three periods (Table 5) . 
F-tests (0 , 05 level) calculated for orthophosphate by analysis of 
variance showed that there were significant differences between 
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stations, dates, locations on dates, and samples at locations on dates 
for the four stations in the upper Big Sioux Basin. The significant 
difference between samples at locations on dates indicated that a single 
grab-sample at any one location could not be considered representative 
of the stream at that location. Duncan' s  new multiple range test 
(0. 05 level) showed that there was a significant difference between 
annual means for all four stations in transport (g/s) of orthophosphate. 
The transport peaks (g/s) of the nutrients carbon, nitrogen, and 
phosphate were associated with periods of high precipitation and 
runoff (compare Fig. 3 -14 and Appendix Table 5) . The flow peaks, at 
all stations in early March, resulted from snowmelt runoff and were 
dominated at all four stations by the particulate fraction of the 
nutrients. The dissolved fraction of organic carbon, organic nitrogen, 
and total phosphate was greater than the particulate fraction for most 
of the remainder of the study period. Although the major portion 
of nutrients transported from Segments 1 and 3 were in the dissclved. 
fraction , all of the flow peaks at Station 4 (Segment J)  were the result 
of increases in the particulate fraction (Fig. 9-11). This was not the 
case at Station 1 (Segment 1) where the dissolved fraction was nearly 
always greater than the particulate fraction (Fig. 3-5) . 
Average concentrations of TOC, TON, and TP from Segment J were 
higher than those from Segment 1. The agricultural uses of the two 
drainages, however, were similar. The release of higher concentrations 
of the three nutrients studied and also the more rapid release of water, 
i. e. , 85 percent of the total runoff in the March-June period compared 
l.1,3 
to 78 percent for the Big Sioux Drainage, was probably associated. with 
differences in soil type and topography. ·rhe upland areas on both 
drainages , consisting of Kranzburg-Brockir:gs-Vl  er:na soil associations , 
were high in organic matter, but the Willow Creek Valley consisted of 
hilly glacial moraines and steep slopes of the Buse-Sioux soil associa­
tion. The latter soils were shallow , relatively ii1fert1le, and 
well-drained. The Big Sioux Valley, in Segment 1 ,  was broader and 
flatter than the Willow Creek drainage , and soils adjacent to the river 
bottoms (Estelline-Fordville-Renshaw associations ) held water longer. 
•;•he river bottom soils in both streams were Lamoure-Rauville associatior:s 
(U . S .  Department of Agriculture 1966 ) .  Lower concentrations of TOC , Tui, , 
and 'l'F in the Big Sioux River were also relat.ed Lo p·eater dilution .  
Discharge during the period March-June was 3 tim�s �Teater in  the Big 
Sioux River at Station 1 than in Willow Creek and 6 times greater in 
the river during the July-December period ( ,'able 1) . Bormann and 
Likens (1970) stated that the nutrie�t cycle is closely connected to 
the water cycle . Clear-cutting of a forested watershed resulted io a 
40 -percent increase in annual runoff and a 41R percent increase in 
runoff during the period June-September. 1his increased runoff was 
related to an increased loss of nutrient material . An amoW1t of 
elemental nitrogen equivalent to double the ar.1ount normally taken up 
by the forest was lost from the deforested area each year after clear­
cutting. ':'hey also stated that there was . a 9-fold incret-1.sa J.:1 loss of 
particulate matter as a result of deforestation . ':'he results from my 
s tudy indicated that the more rapid release of water from Segment 3 was 
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related to higher concentrations of nutrient�, with the increase being 
in the particulate fraction. Apparently, the longer precipitation is 
held in the area where it falls, the lower the loss of nutrient 
material will be. 
Segments 1, 2, and 3 contributed. to the final load leaving the study 
area at Station J. The addition of the total load values (TOC, TON, and 
TP) from Stations 2 and 4 gave the expected. �ransport of these materials 
past Station 3. There was an increase (7 percent) at Station J in 
·roe of 108 ,460 kg over the expected 1, 399,360 kg to the actual transport 
of 1 , 507, 820 kg (Table 1). Annual average flow , obtained. by summing 
values obtained at Stations 2 and 4, was 53. 38 g/s. The annual average 
flow at Station J was 58. lJ g/s , an increase of 4. 75 g/s. It was 
concluded that there was a definite increase in TOC above the expected 
at Station J. There was a decrease in 1'0N of 17 , 470 kg from the expected 
144,790 kg to the actual 127 , 320 kg. This was a 12 percent loss of 
TON; however, the annual average exl)ected flow , obtained by summing 
values from Stations 2 and 4 ,  was 5,38 g/s , and the annual average flow 
at Station 3 was 5,33 g/s. This was a difference of only 0. 05 g/s. The 
loss of 'l'ON was probably due to sampling error. There was also a loss 
of 2 , 230 kg of TP from the expected 142 , .540 kg to the actual 140, JlO kg 
{'rable 4). This was a one percent loss of 1'F , and of this amount 
1,180 kg or 53 percent was in the orthophosphate fraction. This small 
loss of TP was aiso attributed to sampling error. 
Hynes (1969) stated that running water is more fertile than still 
water simply because turbulence prevents zones of nutrient depletion 
I 
around plants. He further stated that production is often patchy 
because of lack of stability of the stream ' s channel and, thus its 
plant communities. Substantial amounts of rooted aquatic plants 
occurred in the river between Stations 2 and 3. Macrophytes (chiefly 
Potamogeton vaginatus Turczaninow) were observed floating down the river 
· during the entire ice-free period. Organic matter tied up in macrophytes 
was not measured. Phytoplankton, including filamentous algae, was 
collected in the water samples, thus the organic matter tied up in these 
forms was measured and included in the particulate fractions. 
Odum (1956) reported that certain areas of flowing water are 
predominately areas of respiratory activity, and others are predominately 
areas of photosynthetic activity. Downstream dispersal of inorganic 
nutrients formed in the area of respiratory activity alternated with 
downstream areas of photosynthetic activity. Additional information ls 
needed to understand fully the changes in organic compounds in this 
reach of the Big Sioux River (Station 2 to Station 3) .  Information about 
the types of organic compounds at the two stations would be valuable. 
This would involve taking enough samples at the two stations to satisfy 
statistical analyses requirements, and a more sophisticated analysis of 
the organic matter. Apparently production and respiration resulted in 
cycling of organic and inorganic nutrients with a net increase in '!'OC. 
Analyses were not done for inorganic nitrate nitrogen, but Sawyer (196?) 
reported that most of the nitrogen coming from sewage lagoons was in the 
inorganic nitrate form. There was undoubtedly ample nitrate-nitrogen: in 
I. 
the river to support primary production. Sawyer (1971) stated that the 
addition of organic matter to a.n aquatic area produces the same results 
that occur in sewage treatment, i. e. , partial destruction of the organic 
matter with production of a residue or sludge, release of carbon 
dioxide, and freeing of inorganic nutrients. Inorganic nutrients added 
to an aquatic environment, plus those released. from degradation of 
· organic materials, support primary production. 
Contributions of the three segments to the total load leaving the 
study area at Station 3 are shown in �able 6. The Willow Creek drainage 
contributed. 243, 42, and 10 kg/km2 per year more TOC, TON, and 'rP, 
respectively, than did the Big Sioux River drainage in Segment 1. 
Segment 1 contributed approximately l,?04 kg organic matter/km2 per year 
(15 lb/acre per year) and Segment 3 contributed. approximately 2,190 kg 
organic matter/km2 per year (21 lb/acre per year).  7hese are values 
lower than those reported by Biggar and Corey (1969) of 38, 250-
119,250 kg organic matter/km2 per year (337-1,149 lb/acre per year) from 
agricultural land. Segment 1 contributed ?l kg TON/km2 per year 
(0. 6 lb TON/acre per year) and 60 kg TP/km2 per year (0. 5 lb TP/acre per 
year). Segment 3 contributed 113 kg TON/km2 per year (1 . 0  lb TON/acre 
per year) and ?O kg TP/km2 per year (0 . 5 lb TP/acre per year). These 
values were lower than values reported by Biggar and Corey (1969) for 
agricultural land of 500-8,000 kg N/km2 per year (4-50 lb N/acre per year ) 
and 0-2500 kg P/km2 per year (0-20 lb P/acre per year) . They were 
considerably ·greater than values associated with natural sources of 
2 l 4. 0 kg N/km per year and 0. 4 kg F04/km per year (Lee 1970). 
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�ABLE 6 .  Nutrients coming from three areas of the upper B1g2Sioux River drainage, South Dakota , October , 1971-September , 1972 ( kg/km per year) 
Total Total 
Organic Organic Total 
Drainage Area Carbon Nitroizen Phosphate 
Big Sioux River 8.52 71 60 
Basin a�ve Watertown 
(1036 km contributing) 
Willow 2reek Basin 1 , 095 113 70 
( 32 8  km ) 
Waterto� , City ; 21,583 4, 524 7 , 705 
( 7 . 5 km ) 
* lb/ca.pita per year = 0 . 001 x kg/km2 per year 
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Watertown contributed approximately 21 times more TOC per km2, 40 
times more TON per km2 and 120 times more TP per km2 than did either of 
the two agricultural areas. The annual per capita contribution of TOC, 
10N, and TP were 9, 8 kg (21, 6 lb), 2, 1  kg (4, 5 lb), and 3, 3 kg (7, 7 lb), 
respectively, Data in Table 6 show that Watertown, with 1,787 people/km2 
(7 people/acre), contributed 4, 524 TON/km2 per year (25,000 lb TON/mt' 
per year) and 7,705 kg TP/km2 per year (48,000 lb TP/mi2 per year). 
Weibel (1969) reported that a population of 10 people per acre contributed 
approximately J,846 kg TON/km2 per year (20,000 lb TON/mi2 per year) 
(3,1 lb TON/person per year) and 3, 846 kg P/km2 per year (20,000 
lb P/mi2 per year) (3.1 lb P/person per year) in raw sewage, 
Weibel analyzed for acid-hydrolyzable phosphorus (expressed as P). I 
analyzed for total phosphate {expressed as P04), so my values should be 
at least 3-times greater than Weibel' s  and still represent the same 
amount to phosphorus. Metzler et al. (1958) reported 1,0 kg P/capita 
per annum (2,3 lb P/capita per annum), which would be approximately 3 ,0  kg 
P04 P/capita per annum, and Lee (1970) stated that various studies have 
shown that 1,0 kg/person per year (2 lb/person per year) of phospho�s 
and 3,2 kg/person per year (7 lb/person per year) of nitrogen are typical 
contributions to domestic waste water. 
Approximately 90 percent of the TOC, 87 percent of the TON, and 67 
�ercent of the TP leaving the study area at Station 3 was attributed to 
Segment� l and 3 combined, which were predominantly a�cultural areas. 
Sixty-six percent and 24 percent of the TOC, 58 percent and 29 percent 
! 
of the TON, and 44 percent and 23 percent of the 1.'P was attributed tq 
I 
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Segments 1 and J ,  respectively. Ten percent of the TOC, 27 percent of 
the TON, and 41 percent of the TP was attributed to Segment 2 which was 
primarily Watertown. Total organic carbon annual transport from the 
study area �ttributed to Watertoll?l (Segment 2)  was only one-sixth and 
one-half of the aaounts attributed to Segments l and 3, respectively. 
Segment 2 contributed. nearly the same amount of TON as Segment 3, about 
one-half as much as Segment l. More TP (nearly twice as much) than 
Segment 3, and almost the · same uount as Segment l to the annual load 
transported. out of the study area.. 
In conclusion in order to improve water quality and thus the 
esthetic and recreational value in the Big Sioux River, it will be 
necessary to improve the agricultural watershed so that it will hold 
precipitation where it falls until nutrient material is utilized. by 
plants. It will also be necessary to prevent the addition of nutrient­
rich domestic effluents to the riyer either by tertiary-sewer treatment 
or storage so that no sewage effluents reach the river. Action aimed at 
either improved watershed management or sewage treatment, but not both. 
will not solve the problem. F.ach segment by itself contributes enough 
nutrient material to maintain the Big Sioux River in a eutrophic condi:tion . 
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APPENDIX 
Table L Chemical and physical properties of the Big Sioux River, South Dakota, October, 1971 - December, 1972 (Station 1) . 
Dis- Hardness 
medt 
Ca c um Tot 1 
· 10-8-71 0. 032 10 240 180 320 8. 5 10. 4  5. O 600 7 
10-21-71 o .403 0 255 210 340 8. 3 8.6 5. 0 690 10 
11-5-71 0, 523 0 280 210 370 8, 3 10. 0 5. 0 660 1 
11-19-71 0. 310 0 254 225 375 8. 3 12 . 0  5. 0 1 
12-3-71 0. 301 0 310 225 400 8. 1 9 ,4  5. 0 700 1 
12-17-71 o.407 0 350 240 410 7 , 7  8. 4 7 . 5 800 1 
12-30-71 0, 275 0 360 250 320 7 , 7 8 .2  7. 5 975 1 
1-28-72 0. 301 0 320 220 375 7 , 6  7 , 2  7 , 5 700 1 
2-10-72 0. 068 0 253 175 :no 7 , 8  7 , 6  7 , 5  600 1 
2-24-72 0. 057 0 280 200 330 7 , 6  8, o 10. 0 600 l 
3-9-72 · 0. 013 0 255 160 305 7, 3  12 . 0  7 , 5 l 
3-17-72 9 .780 0 70 7 , 1  1 . 0  1 
3-24-72 9 . 071 0 120 7 .4  9, 8 2 . 0  1 
3-31-72 5 ,436 0 165 125 190 7 .4  10. 0  5 . 0 l 
4-?-72 4, 504 0 200 8. 1 13.4 5.0 l 
4-13-72 5, 799 0 200 7, 5  9 , 6  5.0 1 
4-20-72 4, 928 10 190 150 260 8, 5 12 . 2  1 . 5 470 9 
4-27-72 4. 20? 10 220 150 275 .8 . 4 10. 2  5. 0 525 9 
5-2-72 7 , 744 0 260 8 . o 2 . 5 725 8 
5-11-72 5, 080 0 235 8. 1 5. 0 560 12 
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APPENDIX - Table 1 - continued 
Dis- Alkalinity Hardness 
mgL1 mH.lL 
Phenol Tot 1 Calcium Tot 1 
5-18-72 6.372 0 260 160 300 7. 9 4, 2 2. 5 610 20 
5-25-72 8. 737 0 230 150 260 ?. 8  4. 6 1. 0 560 21 
6-1-72 9. 596 0 240 14-0 270 7, 8 3, 0 1. 0 l,8 
6-18-?2 4, 948 0 240 130 250 7, 6 4. 4 1. 5 4?2 18 
6-23-72 J. 904 0 210 130 240 8. 1 6 . 6  2. 5 520 24 
7-12-72 2.833 0 180 125 200 7,7 3. 5 1. 0 415 23 
7-26-72 2. 165 0 215 130 250 7,? 4,0 2. 5 490 22 
8-9-72 2. 649 0 240 160 270 8,1 6. 2 2. 5 540 17 
8-23-72 1. 14? 0 230 130 240 7, 8 5. 0 5. 0 19 
9-7-72 1. 652 0 210 120 240 8,2 6. 1 7, 5 16 
9-21-72 0.909 0 210 130 190 8, 1 7 ,3  5, 0 12 
10-5-72 o.482 0 220 130 250 8. 2 6.4 2. 5 13 
10-19-72 0.332 5 220 14-0 260 8, 3 11.3 5.0 510 2 
11-2-72 0. 671 0 220 150 280 8. o 10. 8 5. 0 540 3 
11-16-72 0. 709 0 280 180 350 a. 3 13. a 2. 5 1 
11-30-72 o. 495 0 300 200 330 8. 3 13. 0 5, 0 1 
12-21-72 0. 490 0 270 8, 2 9. 2 5 0 1 
* Specific conductance micromhos/cm 
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APPENDIX 
'!'a.ble 2. Chemical a.nd physical properties of the Big Sioux River, 
South Dakota, October, 1971 - December, 1972 (Station 2). 
Dis- Alkalinity 
!!!!'1! Temp 
Phenol To 1 c 
10-8-71 0. 082 8 275 205 370 8. 4 9, 6 99, 9 1200 
-
8 
10-21-71 0. 280 0 255 205 J45 7, 8 8. 0 72. 0 900 10 
11-5-71 0. 372 0 280 225 380 a .o  12. 0 55. 0 860 1 
11-19-71 0.587 0 254 220 370 8. 3 11. 0 45. 0 1 
12-3-71 0,492 0 305 215 405 8, 0 9, 0 50. 0 900 1 
12-17-71 0, 400 0 )40 240 420 7. 6 7, 8 50, 0  875 1 
12-30-71 0, 298 0 355 250 340 8, 6 7, 9 50. 0 1200 1 
1-8-72 0. 177 360 260 420 8. 1 6 . 0 95, 0 1100 1 
2-10-72 0 . 076 0 360 210 400 811 4. 2 99,9 1050 1 
2-24-72 0, 000 0 JOO 230 370 7,5 5. 0 90,0 925 1 
3-9-72 0, 000 0 JOO 205 350 7, 2 12, 0 87,5 1 
3-17-72 9, 212 0 70 7, 1 5, 0 1 
3-24-72 3, 988 0 125 7, 4 9, 8 4. 0 1 
3-31-72 4. 741 0 170 130 180 7, 6 10. 0  7 , 5 1 
4-7-72 5 , 448  0 200 8 . 1 14. 8  10, 0  1 
4-13-72 8. 082 0 210 8 . 2  12. 8  10. 0 1 
4-20-72 6,020 10 185 150 251 8.5 13. 0 ?, 5 480 10 
4-27-72 5 . 217 5 220 150 275 8 . 2  9, 4 12. 5  543 9 
5-2-72 7, 655 0 260 8, 0 - 10. 0 675 
1
9 
5-11-72 6, 854 0 230 8. 2 8. 0 580 112 
5-18-?2 11, 357 0 260 160 JOO 7 . 9 4. 4 6, 0 650 22 
APPENDIX - Table . 2 - continued. 
Dis- Alkalinity Hardness 
:re�. mgfL !!!&� Date Phenol Total Calcium Total 
5-25-72 7.500 0 220 160 280 
6-1-72 12. 000 0 240 150 265 
6-18-72 5. 848 0 230 130 260 
6-23-72 5. 879 0 220 140 250 
7-12-72 4. 066 0 200 125 235 
7-26-72 3. 647 0 215 135 250 
8-9-72 3 . 675 0 235 195 260 
8-23-72 2,375 0 215 140 275 
9-7-72 1 , 712 0 220 130 250 
9-21-72 1, 496 0 210 130 270 
10-5-72 1. 062 0 220 145 275 
10-19-72 1. 015 0 240 150 290 
11-2-72 1. 247 0 220 150 270 
11-16-72 1 .458 1 250 170 345 
11-30-72 1. 375 0 270 175 350 
12-21-72 l, 233 0 285 
* Specific conductance micromhos/cm 
DO CL Conduc -
pH mg/L mg/L ti vi t,:* 
7. 9 5. 2 10. 0 610 
7. 8 5. 0 5. 0 
7. 6 2.4 10. 0 500 
7, 6 6. o 5. 0  500 
7, 3 2. 2 5. 0 480 
1.5 1.4 10. 0 510 
7. 7 3 , 8  1. 0  540 
8. o 2. 2 15, 0 
8 , 0  4. 0  20. 0 
8. 1 6. 2 20. 0 
8. 1 6 . 9 25, 0 
8. 2 11. 2 25. 0 600 
8. 0 9 , 6 35. 0 580 
8. 4 13.8 20. 0 
8, 3 13. 0 25. 0  
8 . 2 8. 8 10. 0 
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c 
21 
19 
18 
23 
23 
22 
17 
19 
18 
13 
13 
2 
4 
1 
1 
1 
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APPENDIX 
Table 3. Chemical and physical properties of the Big Sioux River, 
South Dakota, October, 1971 - December, 1972 (Station 3) . 
Dis- Hardness 
mg{;L DO CL Conduc- Temp c c um  Tot L c 
10-8-71 0. 082 0 280 205 370 8. 3 10, 0 99. 9 1100 8 
10-21-71 0, 280 0 255 200 350 7 , 8 7 . 4  70. 0 875 10 
11-5-71 0, 372 0 290 225 380 8 .4  12 . 0  60. 0 860 1 
11-19-71 0, 587 0 254 220 370 8. 3 11. 0  45. 0 1 
12-3-71 0, 492 0 305 220 400 7 . 8  9. 0 45. 0 910 1 
12-17-71 0, 400 0 345 230 415 7 . 6  7 . 4  50, 0  850 1 
12-30-71 0. 298 0 375 280 490 8. 2 7 , 6  45, 0 1250 1 
1-28-72 
2-10-72 0. 072 0 362 220 400 7 . 8 1 . 2  99. 9 1050 1 
2-24-72 0 0 320 225 370 7 . 4  J .4  90. 0 1000 1 
3-9-72 0 0 280 210 340 7 , 3 6 , 3 70. 0 1 
3-17-72 ll. 843 0 80 7 , 4  4, 0 1 
3-24-72 6 . 217 0 125 7 , 5 9. 8 4, 0 l 
3-31-172 5, 850 0 175 120 190 7 , 7  10 , 6  7 , 5  l 
4-7-72 6 , 601 0 200 8. 2 13 , 8  10. 0 1 
4-13-72 10. 713 0 170 7 . 5 ll, O 10, 0 1 
4-20-72 7 , 559 5 200 160 252 8 ,4  11. 6  7 , 5 515 10 
4-27-72 6 . 704 0 220 160 300 8. 2 9 ,4  10. 0  570 9 
5-2-72 10, 286 0 200 8 . 0 7 , 5 580 I 9 
5-11-72 8, 696 . 0 250 8 . 1 7 . 5  610 12 
5? 
APPENDIX - Table 3 - continued 
Dis- Alkalinity Hardness 
c� mg.LL mgL1 DO CL Conduc- Temp Date m I Phenol Total Calcium Total pH mg/L mg/L tiyit,:* c 
5-18-72 13.423 170 320 8. 0 6 . 0 6. o 650 22 
5-25-72 10 . 231 0 220 170 295 7 . 8 4. 8 5. 0  610 18 
6-1-72 15. 820 0 245 160 295 7 . 8 5. 6  2. 5 18 
6-18-72 6 , 929 0 245 150 280 7 , 7  4. 8 5. 0 .520 19 
6-23-72 7 . 194 0 240 150 280 B. l 6 , 5  5, 0 580 23 
7-12-72 4. 503 0 210 130 235 7 , 9 1 . 2  5, 0 520 24 
7-26-72 4. 612 0 210 140 255 7 . 6  3 , 2  10, 0 500 22 
8-9-72 3. 891 0 240 160 285 7 , 7  5. 9 7 , 5 600 18 
8-23-72 2 . 493 0 215 140 275 8. 0 4. 8 15, 0 19 
9-7-72 � 1 , 792 0 225 140 260 8. 1 6 . 6  17, 5  18 
9-21-72 1 . 564 0 215 140 280 8. 2 8 . 0 20. 0 14 
10-5-72 1 . 127 0 230 150 300 8. 2 7 , 3 25. 0 13 
10-19-72 1 . 101 0 250 155 310 8 . 2  12 . 0  27, 5 675 2 
11-2-72 1 .426 0 200 140 260 8. 0 10. 1 25. 0 540 3 
11-16-72 1. 580 1 255 180 345 8 .4  13. B 15. 0 1 
11-30-72 1. 491 0 280 200 '.370 8, 3 13 . 6  25. 0 1 
12-21-72 l. '.348 0 280 8 . 2  8 . 6 10, 0 l 
* Specific conductance micromhos/cm 
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Table 4, Chemical and physical properties of Willow Creek, South 
Dakota, October, 1971 - December, 1972 (Station 4). 
Hardness 
m!Lii Temp 
Da.t Calcium Tot 1 "D c 
3-17-72 2. 631 0 135 7 , 5  - 10. 0 l 
3-24-72 2, 229 0 150 7,6 11. 2  1 . 0 1 
3-31-72 1. 109 0 180 170 250 7 . 6  10. 4  2. 0 1 
4-7-72 1. 153 0 200 8. 1 13. 0 2. 5 1 
4-13-72 2. 631 0 130 7 . 7  10. 6 2. 5 1 
4-20-?2 1. 539 0 210 210 350 8. 2 10. 8 1 . 0  600 10 
4-27-72 1. 487 0 220 200 345 8 . 2 9 , 8  5. 0 650 10 
5-2-72 2. 631 0 180 8. 0 2. 0 500 8 
5-11-72 1. 841 0 235 8 . 2 2. 5 700 13 
5-18-72 2. 066 0 230 200 380 8, 1 5. 4 1 .0  710 22 
5-25-72 2, 731 0 220 200 320 8 . 1 7 . 0  1. 0 580 18 
6-1-72 3, 820 0 245 200 320 8. 1 7. 2  0 , 5  18 
6-18-72 1. 081 0 290 210 365 8 . 2 9. 8 2 .5  650 1 19 
6-23-72 1. 315 0 280 220 390 8. J 6. 8 1. 0 700 23 
7-12-72 0, 437 10 280 220 380 8 . 4  6 . 9  1. 0 750 24 
7-26-72 0 .965 3 210 170 315 8. J 5. 8 2. 5 590 23 
8-9-72 0. 216 10 250 220 410 8. 3 10. 0  2. 5 740 20 
8-23-72 0. 118 0 220 160 330 8. 2 7. 2 5 , 0 19 
9-7-72 0 . 080 0 240 190 385 8, J 8. 2 7. 5 ' 17 
9-21-72 0, 068 0 230 190 385 8 , 2  7 . 5 7 . 5  I 13 
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APPENDIX - Table 4 - continued 
Dis-
Temp 
10-5··72 o. 065, 5 245 225 420 8. 4 7. 8 7 . 0  lJ 
10-19-?2 0. 082 0 250 230 440 8. 2 11. 8  7.5 800 2 
11-2-72 0 . 179 0 230 210 430 8 , 1 - 10. 0  750 J 
11-16-72 0. 122 0 255 265 490 8 . 3  14 . 8  3 . 0 1 
11-30-72 0 . 116 0 280 280 510 8 . J 14. 4  2 . 5  1 
12-21-72 0 . 115 0 370 8 . 2 5 . 0 1 
* Specific conductance micromhos/cm 
APPENDIX 
rable 5. Precipitation at Watertown , South Dakota, October, 
1971 - December, 1972 (inches) .  
>ay Oct Nov Dec Jan Feb March April May June July Aug Sept Oct Nov Dec 
1 0. 33 1 .89 0. 02 
2 0. 01 0. 13 0. 26 0 .13 0 .12 0. 05 0. 0:3 o. 84 
0. 02 
3 0. 02 0. 02 
4 0 . 21 
5 0 .07 0 . 14 1. 08 0. 05 
6 0 .13 0. ?8 0. 16 0. 10 
7 0. 03 0.18 
8- 0 .10 o. o6 0. 03 0 .:30 
9 0. 03 
10 0 .09 0. 11 0 . 05 0. 11 
11 0. 04 o.4o 0. 53 0. 15 
12 0 .10 1.44 o. 8? 0. 02 0. 05 
13 0. 10 0. 07 0. 25  
14 0. 12 
15 0 .10 0. 05 
APPENDIX - Table 5 - continued 
Day Oct 
16 
17 
18 
19 
20 
21 
22 
2J 
24 
25 
26 
27 1 .28 
28 0 .22 
29 
JO 
- - - --)1 
Total 2 . 0  
Nov Dec Jan 
0 .70 O. OJ 
0.20 
0. 10 0. 17 
0. 14 
0 .12 
0 .09 
0 .09 
o. 04 0. 02 
0 .20  52 o. sz 0140 Feb March April 0 .10 0. 05 o .68 0. 26 0. 05 0. 22 O. OJ 0. :,2 0. 11 o .06 0 . 55 o. JZ .1  J.2J May June July Aug Sept Oct Nov Dec 0. 02 0 .15 o. oa 1. 53 0. 08 0. 15 o. 56 0. 10 0. 17 0. 10 o.40 2 .47 0. 20 0. 02 O. J6 0. 26 0. 15 1. 62 0. 02 0. 16 0. 09 o. 06 0. 35 0. 17 1 .42 0. 05 o .45 0. 25  0.20 0. 35 0. 07 0. 23 0.65 °' 0;20 Q.OJ a.62 2.:30 5. SJ. 2. 01 o.J2 1.66 1.12 Q. 8J. 
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Table 6. Nutrient concentration and water discharge at Station 1 on 
the Big Sioux River, South Dakota, October, 1971 - December, 1972 . 
Water Organic Organic P�osphorua 
Dls- Carbon Nitrogen mg P0h£l. 
:,,;:� ms;LL mgLli Total Date Total Dissolved, Total Dissolved Total Diasolyad Qrtho 
10-8-?l 0, 0.32 7. 95 5. 31 1 . 69 0 . 36 o.04 0. 11 
10-21-71 o.403 5. 64 4 .65 0. 53 0 .96 0 . 26 0.25 
11-5-71 0, 523 8, 43 7 , 70 0 .60 0 ,40 o.40 0 , 24 
11-19-71 0 . 310 8 ,69 � . 91 0, 67 0, 70 0. 35 0 .20 
12-3-71 0. 301 5, 7? 4 ,19 0 ,42 0 ,60 0 . 30 0 .12 
12-17-71 0 ,407 5, 55 4. 17 0. 30 o .45 0 . 30 0 ,13 
12-30-71 0, 275 5, 26 5. 00 0 ,48 0 .20 0 .20 0, 14 
1-28-72 0. 301 7 ,11 6 . 89 0. 61 0 ,85 0. 85 0� 41 
2-10-72 0 , 068 5 ,93 5. 31 0 .24 1 . 20 0 ,95 0 ,60 
2-24-72 0 , 057 6 , 65 5, 08 1 .40 1 ,20 1 .20 0,48 
3-9-72 0. 013 n. 01 5. 54 2 , 62 0 , 93 l . JO 0. 55 o .46 
3-17-72 8 , 574 6 . 0? 1. 58 1 . 16 0 ,28 0. 72 0 .37 0 .49 
J-24-72 9 . 780 13. 60 9. 53 0, JJ 0, JJ o. 56 0. 56 0,44 
3-31-72 9 , 071 6 . 64 4 .68 0 ,45 o. )6 0 .92 0 , 59 o.44 
4-7-72 5, 436 7, 22 6.  54 o. 64 o .47 o .6J o.44 0 .15 
4-13-72 4, 504 15. 68 8. 57 1 . 55 1. .52 1, 32 o .)4 0 ,25  
4-20-72 5, 799 9 .96 ? , 15 0, 95 0 . 63 0, 55 0. 22 0. 13 
4-27-72 4. 928 9, 04 6 . 88 0 , 87 0.65 0. 56 0. 10 0 .09 
5-2-72 4. 207 12 . 01 10. 35 0 , 95 0. 70 o .48 o .48 0.20 
0� 11 5-11-72 7 , 744 8, 50 6 . 24 o . a1 0 . 57 o.46 0. 36 
63 
APPENDIX - Table 6 - continued 
Water Organic Organic Phosphorus 
Dis- Carbon Nitrogen !!!! EOWI, 
:�: 
mg{L mg,LL Total 
Date Total Dissolved Total Diss,olved Total Dissolved Ortho 
5-18-72 5. 080 12 . 43 11. 12 1. 03 0. 93 0. 70 o .48 0.27 
5-25-72 6. J72 16 . 2 5  13 . 26 0. 94 0. 78 0 . 70 0. ;4 0.33 
6-1-72 9. 596 12 . 40 11. uo 1. 00 0 . 89 0 . 82 0. 78 0. 39 
6-18-?2 4. 948 11. 41 8. ?6 a. ea 0. 80 0 . 76 0. 62 0. 36 
6-23-72 J. 904 8. 77 1 . 00 0. 73 0. 52 0 . 90 0 . 56 0. 38 
7-12-72 2 . 833 13. 34 10. 15 0. 95 0. 65  1 . 22 0. 56 0 .48 
7-26-72 2 . 165 12 . )4 6 . 90 1 . 29 0. 57 1. 18 o. 66 0. 41 
9-9-72 2 . 649 12 . 17 7 , 96 1. 12 0. 74 0 . 72 0. 37 0 .26 
a-23-72 1. 147 8. 65 6 . 08 1. 10 0 , 74 o . 88 o. 59 0. 41 
9-7-72 1. 652 8 .40 5. 85 1. lJ 0. 79 0 . 70 0 .46 0 .28 
9-21-72 0. 909 6 , 82 4, 74 o . 66 o. 41 1 . 09 o .68 0.42 
10-5-72 o .482 10 • .54 7 , 40 1 . 37 0 . 82 o . sa o. 52 0.20 
10-19-72 0. 332 8. 23 6 . 13 1. 15 0 . 59 0 . 98 0 , 28 0,18 
11-2-72 0 , 672 8. 67 6 , 03 1, 08 0. 73 o . 84 0. 30 0 . 16 
11-16-72 0 , 709 8 .41 7 . 01 0. 96 0. 58 0 . 60 0. 30 o, ;06 
il-30-72 0 .495 6 . 68 5 . 39 0. 65 0. 50 0 ,48 0. 30 0. ;21 
12-21-72 0 ,490 6 . 46  6 , 45 0. 75 0 . 72 0 . 92 0. 86 0. 58 
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Table 7. Nutrient concentrations and water discharge at Station 2 on 
the Big Sioux River, South Dakota, October, 1971 - December, 1972 . 
Water Organic Organic Phosphorus 
Dis- Carbon Nitrogen !!IS: EQJ•'1. 
charge m&LL �LL Total 
D&iil m31.J.ec Iotal D1;u1o;t v� Toi:11 Diggol,ved. Tg:t!:l �i§solv!Sl. Or�ho 
10-8-71 0. 082 17. ?6 12. 05 2 . 24 5 .92 3. 32 :).48 
10-21-71 0. 280 9. 32 7 . 58 0. 65 4.  52 1 . 18 2 , 72 
11-5-71 0. 372 13.44 7 . 53 2 . 36 4. 44 J .24 1. 43 
11-19-71 0. 587 10. 28 8 . 25  0 .97 4, 25 J. 80 j ,48 
12-3-?1 0. 492 ? . 12 4. 93 0 . 65 4. 80 4, 15 3. 30 
12-17-71 o .4oo 6 .  37 4, 59 0, 72 7 , 00 5. 05 2 . 20 
12-30-71 0. 298 9 . 15 6 . 46  1. 15 6 . 60 5, 35 4, 60 
1-28-72 0. 177 15. 72 11.44 1 .66 11 . 30 9,90 8. 40 
2-10-72 0. 076 16 . 95 8. 05 2 . 12 15. 00 12 . 20 12 , 20 
2-24-72 o. o 12 . 82 7 , 85 2 . 15 11. 90 10. 01 8 , 70 
3-9-72 o. o 10. 95 6 . 94 1. 84 1 . 29 13. 80 9. 20 7 . 85 
3-17-72 9 . 212 5 , 79 1 . 22 1. 40 0. 79 o .aa 0, 41 o. 75 
3-24-72 3. 988 13. 70 10. 02 1 ,49 1 . 30 0 , 76 o .40 0. 72 
3-31-72 4. ?41 7 , 95 5. 51 0. 58 0. 30 1 . 24 1. 07 0 . 59 
4-7-72 5.448 8 .45 6 . 69 0. 80 0 .49 o . 6J 0.44 0.15  
4-13-72 8 , 082 8 . 66 6 .50 0. 98 0, 75 0.96 0 ,43 0. 21 
4-20-72 6 . 020 10. 97 7 , 22 1. 21 0 . 65  o .84 0.63 0. 23 
4-2?-?2 5. 217 10. 21 6 . 90 0 . 99 0 . 74 0 . 98 0. 18 0. 21 
5-2-72 7 . 655 10. 77 B. 28 1. 06 0. 58 0. 70 o .42 b. 44 
5-11-72 6 , 854 9 , 73 ? . 66 1. 00 0. 95 0 . 74 0. 52 6 18 I • 
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APPENDIX - Table 7 - continued 
Water Organic Organic Phosphorus 
Dis- Carbon Nitrogen ms: fQi�,i. 
:�: 
m&./.L mgLli Total 
Date Total Dissolved Total Dissolved Total Dissolved, ortho 
5-18-72 11. :357 11. 9'.3 10. 89 1. 14 0. 98 0.92 0.60 0, 37 
5-25-72 12.687 12 . 32 10. 78 0. 98 0. 79 0. 90 0.69 0 ,41 
6-1-72 12 . 000 11. 96 10. 86 0 . 98 0 . 84  l ,08 1 . 00 0 . 54 
6-18-72 5, 848 12 , 3'.3 10. ;4 0, 9'.3 o. 84 1. 36 1. 10 o . 86 
6-23-72 5. 879 9,6'.3 B. 18 0. 88 o. 66 1. 09 o. ao 0, 75 
7-12-72 4. 066 13. 31 9, 40 0. 98 0.65 1. 18 o. 84 0 .67 
?-26-72 3.647 9, '.39 7 . 30 1 . 05 0.67 1 . 00 o. aa 0, 55 
8-9-72 '.3 ,675 10. 16 B. 95 1. 02 0. 82 0 . 78 0.55 O.b-1 
8-23-72 2 , '.375 9 ,28 6 . 92 l. JO 0 .9'.3 1 . 24 0 . 79 0 .67 
9-7-72 1. 712 11. 85 7 ,  53 1. 42 a . BJ 1 . 16 0, 72 0 . 60 
9-21-72 1. 492 9 .40 5, 99 1. 02 0.63 1. 74 1, 24 1 . 00 
10-5-72 1. 062 10. 96 7 , 19 1. 44 0. 94 2 . 02 1.60 1. 14 
10-19-72 1. 015 10. 15 6 , 29 1. 37 0. 77 2 .40 1, 80 1. 38 
11-2-72 1. 247 11.44 6. J4 1. 28 o .66 J .  52 2 , 14 2 . 62 
11-16-72 1 .485 10. 81 7 , 07 1. 33 0. 79 1 . 28 0. 80 0 . 53 
11-30-72 1. 375 10. 22 7 . 28 1. 12 0. 75 2 . 12 1 .48 1 .26 
12-21-72 1. 233 10. 11 8. 20 1 . 14 0 . 92 1 .20 0. 98 o. 68 
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Table a Nutrient concentrations and water discharge at Station 3 on 
the Big Sioux River, South Dakota, October, 1971 - December, 1972 , 
Water Organic Organic Phosphorus 
Dis- Carbon Nitrogen mg mz.Lti 
ch1s:e '!!JJ!,.lL mgf1 To:tal JJate m'.3:i:g :J:g:t1l lliaaol!lld. I2:t1:l Di1112lvm). ?2:t!:l Di11olved Ortho 
10-8-71 0 , 082 23 .43 10. 67 1. 28 5, 76 4. 12 :,.48 
10-21-71 0 . 280 11.44 8, 58 1, 18 4,44 1. 38 2. 52 
11-5-71 0, 372 24. l? 8, 09 2 , 54 5, 26 2 . 64 1 , 91 
11-19-71 0 , 587 10. 35 0 . 03 0. 98 4, 50 3, 80 3,48 
12-3-71 0 , 492 ? , 70 5, 64 0. 70 4, 45 3, 95 3, 66 
12-17-71 0 . 400 5, 88 4. 64 0, 76 5, 45 4, 60 2 , 20 
12-30-71 0 , 298 7 , 63 6 . 25 l , 07 5, 05 5, 05 3,  56 
1-28-72 --
2-10-72 0, 076  15. 23 7, 83 2 . 20 15. 00 15. 00 12 . 20 
2-24-72 0 , 000 21 . 20 7 ,  .54 2 . 01 12 . 80 9. 80 8. 70 
J-9-72 0. 000 14, 85 8. 85 1. 53 1 . 36 9 , 70 2 .40 3 . 2 5  
3-17-72 11. 843 8. 16 0 . 63 0. 97 0 . 97 1 . 08 0 .41 0 . 61 
1-24-72 6 , 217 15. 56 8 .42 1. 58 1 . 21 0 . 82 0. 54 0. 60 
3-31-72 5. 850 8, 71 5.55 0. 54 o .  38 1 . 20 0. 59 0. 61 
4-7-72 6 . 601 9 . 08 5. 65 o. 84 0 . 49 o . 66 o .41 0. 16 
4-13-72 10. 713 23. 71 7 , 89 1 . 68 0 , 70 1 .96 0, 43 0 .25  
4-20-72 7 , 559 12 . 60 8. 76 1 . 27 0. 69 1. 04 o .41 0. 37 
4-2?-72 6. 704 11 . 91 7 , 94 1 .25  o . 68 1. 00 0. 16 0 . 23 
10. 286 14. 05 8 .94 1 . 62 0 , 36 5-2-72 0 , 77 1. 08 0. 29 
5-11-72 8. 696 10, 9? 7 . 24 1. 01 o . 68 0 , 70 o .42 0, 19 
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APPENDIX - Table 8 - continued. 
Water Phosphorus 
Dis- mg Pol.LL 
To To 
5-18-72 13.423 13 . 18 10.44 1. 10 0 .94 o .84 0 .60 0.28 
5-25-72 10. 231 11 . 93 11. 00 1. 04 o . ao 0. 92 0.48 0. 31 
I 
6-1-72 15. 820 13. 38 10. 84 0 . 93 o. 86 o.84 o. 66 0. 38 
6-18-72 6 . 929 12 . 90 10. 51 1. 04 0. 85 1 . 06 o. 84 o .66 
6-23-72 ? . 194 11. 22 8. 84 0. 93 0 .65 1 . 18 0. 88 0 . 70 
7-12-72 4. 502 11. 52 10. 08 0. 85 0 . 54 1 .28 1 . 00 0. 70 
7-26-72 4. 612 lJ. 40 7 . 65 1 .26 0. 70 1 .28 0 . 78 0. 54 
8-9-72 3. 891 10. 38 8 .41 1 .10 o. 83 0 .81 o • .52 o .42 
8-23-72 2 .493 9. 90 7 . 95 1 , 33 1 . 03 0. 98 o. 53 0. 53 
9-7-72 1. 792 11 . 37 7 .41 1 .40 0 . 95 1 . 01 0. 55 0,42 
9-21-72 1 . 564 8 . 87 5. 50 0. 95 0 .62 1 .48 1 . 04 0. 80 
10-5-72 1 . 127 10. 65 7 , 32 1.48 0 . 93 1. 84 1 .26 0 . 96 
10-19-72 1 . 101 9 ,42 6 . 31 1 . J8 0 . 81 2 . 30 1. 56 1. 22 
11-2-72 1. 426 11 . 81 6 . 32 1 . 32 0. 67 5 .60 3 ,  52 2 . 90 
11-16-72 1. 580 11. 29 7 , 34 1. 36 0 . 82 1 . 32 o. 68 0. 53 
11-30-72 1 .491 9 , 90 7 , 55 1 . 18 0 . 78 2 . 36 1 . 68 1 . 41 
12-21-72 1. 348 10. 38 8 . 82 1. 05 o. 84 1 . 12 0. 96 0. 63 
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Table 9. Nutrient concentrations and water discharge at Station 4 on 
Willow Creek, South Dakota, October, 1971 - December, 19?2. 
Organic Phosphorus 
Carbon g Poz,.LL 
IDJ!.LL Total 
Disso v 
3-17-72 2 . 631 5. 17 0 . 24 1 . 10 1 .10 1 .64 0. 34 0. 36 
3-24-?2 2 . 229 11. 43 8 . 05 1. 52 1 . 00 o.68 0. 34 0. 34 
3-31-72 1. 109 8 . 70 6 . J4  1. 19 0. 34 0.72 0. 37 0. 16 
4-7-72 1. 153 10. 75 8. 81 o. 88 o. 54 o. 41 0. 31 0 . 04 
4-lJ-72 2. 631 43. 75 8 . 94 4. 22 0 .93 2 . 22 0. 43 0. 19 
4-20-72 1. 539 12 . 71 9 . 05 1 . 91 o. 66 0. 52 0. 37 0. 09 
4-27-72 1 .487 ll. J8 9 . 00 1 . 03 o. 84 o .42 0 . 14 0 ,27 
5-2-72 2. 631 19. 37 9 . 01 2 . 06 0. 71 1.48 O. J6 0 . 36 
5-11-72 1. 841 12 . 89 9 .  52 1. 12 o .68 0 • .56 0, JO 0. 05 
5-18-72 2-066 12 . 95 9. 94 1 .20 0. 92 o • .54 0.28 0. 09 
5-25-72 2 , ?Jl 18 • .58 9 . 78 l. JJ 0. 81 0. 82 0. 38 0. 18 
6-1-72 J , 820 14. 20 11. lJ 0 . 91 0. 75 0. 72 o. 42 6 .22 
6-18-72 1 . 081 14. 16 11. 86 1 . 29 0. 98 0. 60 0 . 20 0. 20 
6-23-72 1 . 315 14 • .54 10.44 1 . 42 0. 89 o .84 o. 4o 0. 25  
7-12-72 0 , 437 17. 68 10. 97 1. 55 0 .80 1. 06 0 .24 0. 10 
7-26-72 0. 965 20. 17 9 , 72 2 . 11 0. 80 1. 68 0, 42 0 .23 
8-9-72 0. 216 16 . 38 10 . 38 1 . 98 0. 98 0. 59 0. 24 0. 08 
8-23-72 . 0 . 118 16 . 19 10. 34 2 , 17 1. 22 o·. 90 0. 16 0 . 07 
9-7-72 0, 080 17, 00 9 . 76 1 . 96 1 . 16 o. a1 0, 18 0. 07 
9-21-72 0, 068 13 • .54 8, J5 1 .44 o . 68 0 . 82 0. 56 0. 09 
APPENDIX - Table 9 - Continued. 
Water Organic Organic Phosphorus 
Dis- Carbon Nitrogen mg PQ£&,£1 
charge m&LL m&:LL Total 
Date mJ/sec Total Dissolved. Total Dissolved Total Dissolved. Ortho 
10-5-72 0.065 14. 59 8. 84 1. 52 0 . 98 o.64 o. 64 0. 06 
10-19-72 0. 086 11. 79 7 , 94 1. 40 0. 93 0. 60 0. 32 I 0, 08 
n-2-72 0, 179 9. 16 6. 70 1. 10 0. 79 o.48 0.16 0. 06 
11-16-72 0.122 7. 85 7, 10 o.88 0, 77 0. 32 0.19 0. 06 
11-30-72 0. 116 7. 95 7, 41 0. 91 0 . 70 o.44 0. 22 0. 04 
12-21-72 0. 115 8 . 72 7 ,97 0. 92 o. 84 0, 24 0.14 0. 06 
